4150 to 5100 A and are all degraded to the red. A vibrational analysis has been made, all the bands belonging to one system A->X with the following constants:- The intensities of the bands follow a narrow Condon parabola. The dissociation products could not be identified with certainty, although if the lower level dissociates into normal atoms it is probable that the upper state dissociates into a normal F, and an excited Bi (2Di*) atom.
The vibrational constants are shown to be nearly equal to those of PbF. A short discussion of this similarity is given.
Introduction 1-The detailed determination of the structure of crystals requires an accurate knowledge of the relative intensities of reflexion of X-rays from a considerable number of selected planes in a crystal. The ioniza tion spectrometer has long been used for this purpose and recently accurate photometric photographic methods have been developed for the same work. With previously existing apparatus the labour entailed in using either method has been very great and it was thought that an automatic machine would be a great improvement, for certain investi gations have been impeded and others made practically impossible by the labour of intensity measurement. There are two kinds of operation performed by the ionization spectrometer which will be treated quite separately, namely the setting of the crystal in the position so that the X-rays will be reflected from a specified plane, and the recording of the ionization current produced in the ionization chamber by the reflected X-rays. The second process has already been extensively studied, but there are two new features in the method used here. The first problem of setting the crystal automatically has been solved for the first time as far as the authors are aware.
The Cycle of O perations
2-The use of a crystal plate cut perpendicular to the whole set of planes under investigation (which may number a hundred or more) was introduced by Bragg and West, and has since been extensively used. X-rays are passed through a thin plate which must be set so that the particular plane under investigation is (a) vertical (for the crystal and plate rotate about a vertical axis), ( b) inclined to angle which satisfies Bragg's law.
The machine has been designed* so that with one initial setting, the crystal thereafter passes successively through all the reflecting positions. The chamber must always rotate about the common vertical axis of rotation twice as fast as the crystal, so as to be in a position to pick up the reflected X-rays.
Initially the X-ray beam passes normally through the crystal and is collinear with the axis of the ionization chamber. Both the crystal and the ionization chamber now rotate until the beginning of the first reflecting range is reached, when the rotation suddenly becomes seventy times slower. The crystal then rotates slowly for 2 \ degrees, and during this period the ionization current is recorded. After this slow rotation the fast rotation again begins and continues until the next reflecting range is reached. This process is repeated until the crystal has rotated through 50°, (an arbitrarily chosen limit). The ionization chamber returns to its initial position; simultaneously the crystal plate moves so that when the ionization chamber has reached its initial position, the next plane to be investigated is vertical. The complete cycle of operations is then re peated.
This sequence is repeated until all the required planes have been investi gated, and in this way a complete record of all the possible reflexions can be obtained with one initial setting of the crystal. The total time taken with the present apparatus for the investigation of 50 planes is about 6 hours.
The D escription of the Instrument
3-The instrument performs the following operations:-(1) It sets the crystal and chamber in the appropriate positions.
(2) It amplifies the ionization current.
(3) It records the amplified ionization current.
A-The Apparatus for Setting the Crystal and the Chamber in the Required Positions-The body of the machine consists of a frame carrying a main bearing (1) ( fig. 2 ). Working in this bearing is the hollow shaft of the worm wheel (2), which carries on its upper surface the base of the ionization chamber arm (4). Rotating in the bearing formed by the hollow shaft and concentric with the main bearing is a shaft carrying the worm wheel below (3), and the vertical circle above (5). The two worm wheels are identical, and have each 360 accurately cut teeth. They are driven by two parallel horizontal worms (6) running in bearings fixed to the front of the frame. Their shafts carry spur wheels (7), connected by an idler (8), and since the wheel on the lower shaft is twice the diameter of the wheel on the upper, the angular movement of the ionization chamber is twice that of the crystal. The rotation of the worm wheels (2, 3) from their initial position can be read to degrees and minutes; the degrees on counters (9) geared directly to the worm shafts, and the minutes on graduated drums. Dog clutches are included so that when necessary the worm wheels (2) and (3) may be moved independently. The forward and backward movements described in § 2 are obtained in the following way. Two motors are employed; one provides the rapid forward and reverse movements, the other (which runs continuously) the slow forward movement. The motors drive the instrument through differential gear ing consisting of two sun wheels and a planet wheel, shown in fig. 1 . The fast and slow motors drive the worms and worm wheels (10, 12, 11, 13) , through flexible rubber couplings. These worms and worm wheels are identical and the motors both rotate at the same speed, viz., 1500 R.P.M. The sun wheels (14, 15) , have 70 and 71 teeth respectively. After the planet wheel has travelled once round the sun wheels the wheel with 70 teeth has advanced one tooth relative to the other sun wheel. Hence the speed of rotation of the driven sun wheel is equal to the algebraic sum of 1/70 of the speed of rotation of the worm wheel driven by the slow motor and 71/70 of the speed of the rotation of the wheels (13, 14) , driven by the fast motor. The crystal and ionization chamber can therefore rotate about the vertical axis with three speeds. If the speed when both motors are rotating in the same direction is unity, then when the fast motor has stopped it is 1 /72 and when the fast motor is rotated in the opposite direction the speed is 70/72. The fast motor is controlled by a reversing switch and a relay operated by holes punched in a 16-mm cine film (or " setting strip "). The reversing switch, fig. 6 , is operated by two arms (17) rigidly fixed to the underside of the worm wheel (3), as shown in fig. 2 . This switch has to work in an extremely reproducible manner and must possess no dead centre § 8). The arms (17) on the worm wheel are set so that the crystal moves through 50° before the reversing switch is operated. If the other controlling mechanism, viz., the relay, were out of action, the machine would run backwards and forwards at the fast rate indefinitely. The setting film is carried by a drum (18) which has teeth suitable for the standard perforations of com mercial film. This drum is rotated by a ratchet and pawl mechanism driven by an eccentric on the worm shaft (19) of fig. 1 § 6). As a result of this method of driving, the strip moves forward whatever the direction of rotation of the eccentric. Whilst the crystal is rotating through the 50° allowed by the reversing switch, the drum makes one complete revolution. A foot (20), fig. 1 , rests on the setting strip and closes a pair of contacts when a hole punched in a film passes under it. The circuit is then completed causing a series of events described in the next section.
5-
The Electrical Connexions of the Driving Mechanism-The circuit to which the contacts (21), fig. 3 , operated by the setting strip are con nected is determined by the position of the reversing switch, (16), fig. 2 . When the reversing switch is in the " forward " position the closing of these contacts operates the relay (22), which simultaneously opens the circuit of the armature of the fast motor and closes the circuit containing the magnetic brake (23) (on the shaft of the fast motor), magnetic clutch (24), and delayed action switch (25), figs. 3 and 10. In parallel with the magnetic clutch is a relay for short-circuiting the current through the valve acting as an earthing key. When the reversing switch is in the " backward " position the closing of these contacts energizes the magnet (26), which brings the fulcrum (27), fig. 4 , into place and thereby makes possible the rotation of the crystal about the vertical circle (cf §7).
6-Driving Mechanism for the Setting
An eccentric (28), fig. 4 , on the shaft of the worm driving the ionization chamber actuates a follower (29) furnished with two steel rollers. The follower is mounted on a rod (30) of square section which moves in guides attached to the frame. A lever (31) pivoted near its mid-point and carrying at its other end the pawl (32), which pulls round the ratchet wheel (33), is held against the rod (30) by a spring (34). A second pawl (35) holds the ratchet wheel (33) stationary whilst the first pawl slips over a tooth. Two rollers, (36), (37), press the setting strip firmly against the drum. Spring catches (38) are provided so that when necessary the pawls may be held off the ratchet wheel. . The worm is driven by a ratchet (43) and pawl (44) mechanism and this is moved by a lever (41), fig. 4 , pivoted on the rod (30), through a Bowden wire and sheath. The lever (41) has a groove cut in its lower end so that normally the lever does not touch the fulcrum. When, however, the magnet is energized the fulcrum (27) is raised and the lever strikes against it during its forward movement. As the lever (41) rocks about the fulcrum, the Bowden wire is pulled out. This rotates the vertical circle and registers the amount of rotation by closing the contacts (45).
8 -ReversingSwitch-In order that the setting drum shall make exactly one revolution per 50° rotation of the crystal it is necessary that reversal of the fast motor shall always occur when the eccentric is in the same > Fig. 6. position to within a quarter of a revolution. The reversing switch contains a rocking member which may be held in either of two positions by a ball forced into a conical hole. The rocking member is thrown from one stable position to the other by a spring (46). The spring is compressed by the screw (47) and the trigger (48) operated by the screw (49) in the arm (17) (cf. fig. 2 ).
Collection and Amplification o f the Ionization Current

9-
The Generation o f the X-rays-For the generation of a constant supply of X-rays a constant potential across the X-ray tube and a constant filament current are clearly desirable. The mains voltage varies to such an extent as to render it quite unsuitable for supplying directly either high or low tension. Accumulators have been used in the past for supplying the high tension, directly, or by driving a motor generator set, but this is an expensive method. Because of the very constant frequency of the electricity Grid supply a satisfactory solution of the problems can be found in an induction, or better, synchronous, motor and alternator provided with its own exciter. After the steady state is reached the potential does not change by more than ± i% . Such variations in the output voltages as do occur are due to change in the contact resistance in the exciter brushes and a small cyclical variation due to some asym metry in the induction motor.
The output potential is still not steady enough to apply directly to the primary of the high tension transformer because a change of 1% in this potential causes a change of 5% in.the intensity of emission of mono chromatic X-rays. The following arrangement is therefore employed. The primary of the filament transformer of the X-ray tube is fed from a tapped transformer connected to the alternator. The primary of the high tension transformer is connected in series with a resistance, of about 10 ohms, and the same tapped transformer. The value of the resistance has been chosen so that on decreasing the output voltage of the alternator the potential across the primary of the high tension transformer rises at the same time as the tube current falls. In this way the output of mono chromatic X-rays is kept nearly constant even though the tube current may vary by ± 10%.
This method of compensation is not suitable for direct application to the mains as rapid variations cannot be followed owing to the thermal lag of the filament, and changes of wave form of mains potential, which may be considerable, cannot be compensated. The change in wave form also prevents the successful use of thyratrons to ensure a constant output of X-rays although a constant R.M.S. potential may be obtained.
The apparatus needs to be run for some two hours at full load before equilibrium is reached. During this time the potential across the primary o f the high tension transformer rises even though the alternator potential be maintained constant.
The X-ray tube is a Philips " Metalix " with a molybdenum anticathode. It delivers 10 milliamperes at 55 kv (peak).
10-
The Ionization Chamber-The ionization chamber consists of a brass cylinder 13 cm in diameter and 17 cm long, closed at both ends by flat square plates. The plates are recessed to take the ends of the cylinder and rubber sealing rings, four bolts holding the two plates together. The chamber is made demountable to facilitate cleaning, in case of radioactive contamination, a precaution shown to be necessary by experience. An electrode is mounted concentrically with the cylinder in a " keremot " bush, a rubber ring ensuring a gas-tight joint. A guard ring surrounds this bush and is mounted in turn in another insulating bush which is held in the end plate. Rubber is used for sealing each metal-insulator joint. X-rays are admitted to the chamber through an aluminium window 1/10 mm thick. The window is made by turning out the centre of a disc of aluminium until the desired thickness is obtained. A gas-tight joint is made by forcing a rim on the disc into a rubber ring, a disturbance of the seal when tightening up the cap being prevented by a ring of balls between the cap and the window. The chamber is furnished with a valve and pressure gauge. The chamber is filled, after previous evacuation, with argon at 4 atmospheres pressure, at which pressure the ionization current is about 96% of the maximum value obtainable by increasing the gas pressure in the chamber. 11-Amplification of the Ionization Currents-The ionization produced by the X-rays in the ionization chamber may be measured in one of two ways. Either the ions are collected over a known interval of time and the total charge is measured or the ionization current is allowed to leak away through a high resistance, and the potential produced is measured. The measuring device in either case must be sensitive to charges of potential of the order or °f a volt and must possess high electrical insulation. Electrometers of various patterns have been employed for measuring ionization currents, but electrometer triode valves have been chosen for the present apparatus. The electrostatic capacity of the grid of these valves is low and the insulation is high. The connexion to the grid enters the valve through the end of a long glass tube and leakage over the surface of this tube can be made very small. Under suitable experi mental conditions, the rate of variation of the anode current in these valves with the grid potential is constant over a range of more than 1 volt. The small capacity of the valves makes it possible to obtain a high overall sensitivity whilst using a galvanometer of low sensitivity.
The electrical circuit is so arranged that the deflexion of the galvano meter is proportional to the total charge collected since the beginning of the reflexion from a particular plane if the first method is used, but proportional to the instantaneous value of the ionization current in the second method. We have found that on raising the anode voltage of the electrometer triode to about twice its normal value, it becomes a high resistance of definite and controllable value. Using this property the electrical circuit (see below) can be made identical for both types of measurement. The first system is much more sensitive than the second and for good crystals with sharp peaks is generally preferred. More care must be taken about insulation when the total charge is being collected than when a high resistance is used. The measurement of the final record is easier in the first method because the integrated reflexion is given by the distance between two straight lines, whereas, using a high resistance, the area of the peak must be found.
12-Details o f the Electrical Circuit-The tin box housing the ionization chamber carries at the top the two electrometer triode valves (A) (B). The small variable condenser (D) can be disconnected when the valve is used as a high resistance; so also can the key (E) which normally shortcircuits the current through the valve (B) when a record is being made. Valves A and C are balanced against one another so that a change in the voltage of the accumulators supplying the filament currents does not cause the zero position of the galvanometer to change. They have-a common anode battery (three volt dry cells) and the arrangement of valves A and C and resistances Rx R 2 constitutes essentially a Wheatstone Bridge.
It was found most necessary to avoid using any commercial variable resistances of maximum value less than 1000 ohms because of the vari ability of the contact resistances. The filament current to valve B was supplied by another accumulator than that used for valves A and C, except when valve B was used as a high resistance, when only one accumu lator was used for all three valves. The reason for doing this is that not only can the zero position of the galvanometer be made independent of accumulator voltage but also the sensitivity of the electrical system to changes of filament potential on valves A, B, and C. A current of about 1 ampere was taken from the accumulator supplying valve B to a pair of coils of resistance wire wound loosely round the glass stems of the valves A and B. (These coils are not indicated in the figure.) By dissipating 1 watt near the glass stems their insulation was improved to such an extent that with the heating current on it was possible to use the electrical system to measure the total charge collected, but without it one could only measure the instantaneous current. All anode and grid bias poten tials were obtained from dry batteries and 1000 ohm potentiometers. The whole of the electrical system was enclosed in earthed boxes or tubes. The dotted line in the diagram indicates the division of the apparatus, between the small tin box carrying the ionization chamber and the tin box containing the galvanometer at the side of the instrument. The tubes connecting these boxes were of brass or copper " tombac." A mercury seal (50), fig. 2 , provided an electrostatic screen for the wires emerging from the small tin box.
The value of an earthing key which introduces no spurious effects into a sensitive electrical system is worth stressing. The electrometer triode valve used with a larger filament current and higher anode potential than usual, behaves in this way. By arranging to short circuit the valve B by the switch (E) difficulties due to the resistance of the switch were avoided. A mercury in glass switch is used which is operated by a magnet outside the tin box and several inches from the switch. This was found to be necessary to avoid inductive effects on making the current through the switch. This relay is operated in parallel with the magnetic clutch on the camera, and therefore only comes into action at the beginning of making the record.
Production o f the Final Photographic Record
13-The Camera-Light passes into the camera through a slit 1 mm wide, is then reflected through a right angle by a glass mirror, platinized on its front surface, and finally through a slit 1/10 mm wide in contact with the bromide paper (35 mm wide). The first slit forms the front of a small box enclosing the mirror and serves to reduce the stray light falling on the second slit. The lens (51) forms an image on the paper of two sets of figures (cf. § 14) which give the orientation of the crystal about the vertical and horizontal axes of rotation respectively. This image is limited by a rectangular aperture immediately in front of the paper. The paper is pulled from the spool (52), over a roller (53), down a guide (54), and past the aperture and slit by a driving cylinder (55) which is coupled to the driving shaft by a magnetic clutch (24), fig. 1 . To prevent slip the paper is pressed against the driving cylinder by the two rollers (56) pivoted about (57). The pressure is supplied by a spring (58), which may be released when the camera is loaded. The exposed paper is wound up on the spool (59). This is belt driven from the upper spool. The lower pulley and spool are mounted on a common sleeve and pressed into contact by a spiral spring, this arrangement constituting a slipping clutch. The paper is thus always kept taut. One side of the camera may be removed for loading and rigidly attached to the other side is a telephone register meter, which records the rotation of the vertical circle in its own plane, being operated by the contacts (45), figs. 4 and 3.
14-
The Optical Train-The optical train is shown in plan in fig. 1 and serves to focus on to the photographic paper images of two sets of numbers which record the settings of the crystal about the vertical and horizontal axes of rotation. The setting drum (18) carries on the side away from the instrument a scale graduated thus:-0 5 10 15 .. 95. A record of the position of this scale gives the position of the setting strip and, therefore, of the crystal and chamber at the time of recording. Light scattered from the numbers on this scale is reflected through a right angle by a prism (60), and brought to a focus on the bromide paper by the lens of the camera. The numbers of the telephone register meter scatter light which is twice reflected by right-angled prisms (61) and (60) and then brought to a focus by the lens of the camera just above the image of the scale on the setting drum.
(The lower half of the prism (60) is used for the second image and the upper half for the first.) Illumination is provided for about \ second just at the beginning of the record ing by the lamp (62), fig. 3 , which is enclosed in a box provided with two tubes directed towards the scales to be photographed. The whole of the optical train is enclosed in a light-tight box.
5cm J 15-The Delayed Action Switch-The lamp is caused to light for the \ second by the Fig. 10 . delayed action switch. This is operated, as mentioned in § 5 when the contacts (22), fig. 3 , are closed at the beginning of recording. The switch is immersed in oil and when the iron core falls as a result of energizing the solenoid, oil is forced up through a hole along its axis, and the rate of fall of the iron core may be controlled by a needle valve. When the plunger has moved about \ mm it closes the contacts (25) thereby short-circuiting the lamp (62).
16-
Light Source for the Recording Galvanometer-A row of nine pea lamps is used. The distance between neighbouring images of the lamps being about 2 • 1 cm a deflexion of 21 cm can be recorded on paper 3 • 5 cm wide.
Preparation o f the Setting Strip
17-
During each 50° rotation of the crystal about 15 cm of setting strip is drawn past the contact foot. The distance between two per forations on the strip corresponds to five teeth of the ratchet wheel, that is to 2£° rotation of the crystal. Thus if the setting strip be punched with a hole equal in length to the distance between two consecutive perforations, the contacts (21) will be closed during a rotation of 2\° of the crystal. Further, the distance from the starting point of the strip at which the hole occurs determines at what setting about the vertical axis the crystal and chamber will begin their slow rotation and the record ing mechanism will come into action. When the crystal and chamber are moving backwards each hole in the setting strip which passes under the contact foot causes the vertical circle to rotate through £°. To illustrate how the setting film is punched, fig. 12 shows the beginning of the strip for the (Mil) reflexions of gypsum. The reflexions occur at angles of 8°, 16°, .., on the outward journey and during the following return journey the vertical circle is rotated through 5£° and there are conse quently eleven holes in that portion of the setting strip.
A graphical method is used for finding the angles at which the reflexions will occur. This method is capable of giving the results to within and as the reflexion is examined over a range of 2\° this is, in general, quite accurate enough for the purpose. Fig. 11 is given as an example of the type of diagram required. The black and hollow spots form a plane of the reciprocal lattice, the cell dimensions of which are found from photographic data. The circles which are the loci of reciprocal points corresponding to planes having spacings appropriate for reflexion at angles 5°, 10°, etc., have radii equal to 2 sin 6 where 0 is the Bragg angle of reflexion. The black spots correspond to planes, which do reflect in general (though some of them may be extremely weak) and the hollow spots correspond to planes which do not reflect at all. (This example is again that of gypsum (hOl).) The movement of the crystal may be regarded as the movement of a point in the reciprocal lattice.
Xhe first outward journey corresponds to the indicating point moving from O to A along the line OA. On the return journey the vertical circle rotates through 5^° and this corresponds to the indicating point moving from A to O along a stepped line the last part of which lies along OB. On the next outward journey there is no punched hole because there is no full circle along OB. (It is necessary to make a blank run when the required rotation of the vertical circle exceeds 9£°.) During the second return journey the crystal rotates 4-^° in its own plane which corresponds to the indicating point moving towards O along the stepped line the last part of which lies along CO. On the next outward journey the only stop is that for the reflexion from the plane D which, as can be seen from fig. 11 , occurs at an angle of 40°. The indicating point moves backwards between radii and outwards along radii of the reciprocal lattice until the whole of it has been covered. To facilitate the punching of the strip a table is drawn up showing the angles at which the holes for the outward journeys have to be punched and the number of holes required on the return journeys.
The Punching Machine 18-This is shown in fig. 13 and consists of a drum (63) identical with the setting drum. On the side of the drum are mounted a notched disc and a graduated circle. The former has a hundred equally spaced notches and the latter is graduated in 100 divisions.-The end of the lever (64) is pressed by the spring into the notches thereby holding the drum stationary whilst a hole is punched. The punch itself consists of a simple plunger limited to a vertical movement by pins (65) and carrying at its lower end a hardened steel punch. The die is attached by screws to the base of the barrel in which the punch moves. Axles are provided for the spools carrying the strip. The spool on which the film is being wound is driven by a spring belt passing round a groove on the drum. The reproducibility is dependent on the constancy of the X-ray output as well as on the response of the amplifying system. In the following tests the effects of these two factors could not be separated. The filament current through the X-ray tube was kept constant within the range 9-7-10-3 m.a.s., a variation which produced a change of less than 1% in the deflexion corresponding to a reflexion from a crystal plane. The accumulator voltage on valves A and C in general stayed constant to 0*001 v during a whole day and this change only produced a change of sensitivity of 1%. The anode and grid bias batteries had to supply current of the order of 1 milliampere and there was never a measurable variation in their potentials. During an investigation of a series of planes all parallel to the same zone axis, each plane would in general be examined once only, and it is therefore important to know how large are the variations which can actually occur in measuring a particular reflexion. To ascertain this two planes were investigated at different times on the same day, and on different days. The results are given in Table I It will be seen that the maximum error which is likely to occur in the larger reflexion is about ± 2%. The sensitivity obtainable is limited by the drift corresponding to the general background. This arises from two causes, viz., the general scattering by the crystal, and the insulation leak in the system attached to the grid of valve A. The former effect decreases with the size of the crystal and it is therefore unjustifiable to assume that the effect which may be obtained with a large crystal is proportional to the ratio of the sizes of the crystals after allowing for absorption. To afford a basis for com parison with other methods of recording, the smallest crystal of KC1 on which the (400) reflexion could be measured with an accuracy of 10% was weighed. The weight was 0*045 mg. For obtaining the highest usable sensitivity the condenser was removed and the filament voltages on valves A and B were 0*630, 0*573 respectively. Typical records for weak, medium, and strong reflexions are shown in fig. 14. " Peak " Method 20-The experimental conditions employed w ere:-filament voltages: on valve A 0*688, on valve C 0*613, on valve B 0*791; grid bias on: floating grid of valve A -0*9 v to -1 *2 v; valve C -1 *68 v; valve B 0*0 v; anode voltage: on valves A and C 4*65, on valve B 9*34; capacity of insulated system = 16 cm; deflexion of galvanometer spot per 1 volt change in grid potential = 650 m m ; effective resistance of valve = 0 • 5 X 1011 ohm s; time for deflexion to fall to half value on switching off Xrays = 1 sec. The linearity of the relation between the deflexion of the galvanometer and the ionization current is more difficult to find in this method than in the " total charge " method. A test can however be made by measuring the ratio of the areas under two peaks using different intensities of incident X-rays. A rotating sector method of reducing the intensity was not found satisfactory because of the pulsating nature of the X-ray beam. The ratio of the (800) and (1200) reflexions of gypsum was measured using X-ray intensities of unity and 0*5 on an arbitrary scale and the variation of the ratio was no greater than the experimental error. The galvanometer deflexion is therefore proportional to the ionization current.
The reproducibility of the whole system was tested as in the " total charge " method and the results are given in Table II . Summarizing these results we may say that the " total charge " and " peak " methods both give a linear relation between the deflexion of the galvanometer and the quantity measured, both are reproducible to within about ± 2%, with the larger reflexion, but the sensitivity of the former method is about 2 • 2 times greater than that of the latter.
The main frame and bearings of the instrument were constructed by Messrs. Adam Hilger, and the expense of this part of the construction was defrayed by a grant from the Royal Society. The preliminary work in connexion with the rest of the machine was carried out in the Mineralogical Laboratory, and we are greatly indebted to Professor A. Hutchin son, F.R.S., and his successor, Professor C. E. Tilley, for the facilities provided. The mechanical work in connexion with the preliminary experiments was done by Mr. A. N. Lanham whom we wish to thank. The instrument was completed in the Crystallographic Laboratory, and we thank Lord Rutherford, O.M., F.R.S., and Mr. Bernal for the facilities provided. Except for the part of the machine made by Messrs. Hilger almost the whole of it, in its final form, has been constructed by Mr. C. E. Chapman, and it is largely due to his skill and care that, in spite of its complexity, the instrument works satisfactorily. Our best thanks are due to him.
Summary
A description is given of an automatic ionization spectrometer in which a crystal, having been once set, is moved automatically through a pre-arranged series of reflecting positions. The data concerning the reflecting positions is punched on to a 16-mm cinematographic film which is drawn through the apparatus. The crystal and ionization chamber are moved together, slowly through the reflecting ranges and rapidly in between them. The instrument is arranged to examine reflexions from all planes parallel to a given axis of the crystal. The ionization current is recorded automatically during the slow movement. Electrometertriode valves are used either to measure the total charge collected during the transit through a reflecting range or to determine the instantaneous ionization current at all points during this range. In the latter case one of the valves is acting as a high resistance. Data are given of the per formance of the setting mechanism and of the electrical recording. The final record is obtained on 35 mm photographic paper, but the width is effectively increased to about 210 mm by using a series of light sources.
